A comparative analysis of cancer prevalence in France, Spain and Italy is presented as part of the EUROPREVAL project. The three countries are culturally and sociologically relatively homogeneous compared with Europe as a whole. However, in all three countries, the cancer registries (CRs) providing the data for prevalence calculation cover only small fractions of the populations, and have been operating for relatively short periods. This leads to problems of representativity and to prevalence underestimates as surviving cases diagnosed before operation of the CR are not recorded.
Introduction
France, Italy and Spain present certain characteristics and difficulties in common with regard to the estimation of cancer prevalence from cancer registry (CR) data, and the interpretation of those estimates.
First, in none of these countries does cancer registration cover the whole population, and in those participating in the EUROCARE/EUROPREVAL projects it was below 10% in 1992 [1] . In France, the situation was particularly unfavourable as cancer registration covered only 3% of the population at that time, and this included specialised CRs that collect data on certain types of cancer only. Because of this, particular caution is required when extrapolating prevalence data to the whole country.
Secondly, although some CRs were established in these southern European countries at the end of the 1970s, ∼20 years later than CRs in several northern European countries, the great majority of CRs in France, Italy and Spain were set up in the mid-1980s. The implication of this is that the majority of surviving cancer patients in these populations were diagnosed before the start of registration and hence cannot be included in estimates of cancer prevalence calculated directly from CR data. Extensive statistical modelling is therefore required to estimate the numbers of these prevalent but unregistered cases, with consequently greater uncertainty in total prevalence figures compared with those obtained from CRs operating for 20-30 years, where the great majority of prevalence cases are registered.
France, Italy and Spain are reasonably homogeneous in terms of lifestyle, diet, cancer incidence patterns and cancer survival patterns; they are additionally characterised by rapidly increasing life expectancy at birth and expanding health care systems. In these respects they constitute a distinct subgroup within which cancer prevalence generally varies less widely than among other European countries [2] .
A limited amount of cancer prevalence data has been published previously for Italy and France [3] [4] [5] [6] [7] [8] ; to the best of our knowledge nothing has been published on cancer prevalence in Spain. The recent systematic comparison of prevalence in the areas covered by Italian CRs used the same methodologies as in the present study [3] . The aim of this paper is to provide a unified presentation of cancer prevalence in France, Italy and Spain, whose data are directly comparable with those of other papers on prevalence in Europe authored by the EURO-PREVAL study group. As in all these analyses, we considered the following 11 cancer sites/categories: stomach, colon, rectum, breast, uterine, prostate and lung (including pleurae), melanoma, Hodgkin's lymphoma, leukaemias, and all malignant cancers combined.
Methods and data sources
Sixteen CRs from France, Italy and Spain provided incidence and survival data allowing direct calculation of cancer prevalence. Table 1 shows the populations, periods of diagnosis, and total and category-specific numbers of cases contributed, for each participating registry grouped by country. All registries assured follow-up for life status until 31 December 1992, which was the index date for the prevalence estimate. The numbers of cases shown in Table 1 include patients who did not survive until the reference date and therefore were not included in the prevalence calculation. Table 2 shows the age distributions of the populations covered by the participating CRs. The populations covered by the Italian CRs were older than those in France and Spain, being characterised by both the lowest proportion under 45 years and the highest proportion 65 years and over. The French population was the youngest.
A comprehensive account of the methods used to calculate the prevalence, including the problems to be overcome, corrections applied and choices adopted, is given by Capocaccia et al. [9] . We briefly summarise the methods, noting particular difficulties pertaining to the CR data from the three countries of this study.
The basic procedure used to estimate the prevalence of a given cancer is to allocate all the incident cases recorded by the CR, and alive at the index date, to cells within a two-dimensional matrix defined by age at the index date and the number of years passed since diagnosis (duration). The numbers thus provided are divided by the corresponding population size to give the cancer site-, age-and duration-specific prevalence as a proportion of the population at the index date. This simple procedure would give the complete prevalence if all the incident cases alive at the prevalence date were recorded by the registry. In practice, CR data were incomplete for several reasons, and the observed prevalence calculated by this direct method had to be corrected to allow for the various sources of incompleteness.
Some cases had data missing (e.g. sex, diagnosis date, microscopic diagnosis), although on average not more than 1% of all records in each CR were incomplete. For these records imputation procedures were used to provide as complete a record as possible. For cases lost to follow-up, life status at the index date was uncertain. Such cases were dealt with by assuming their survival to be the same as that of the subset of patients of the same age and diagnosis period who were not lost to follow-up. The number of lost cases thus estimated alive at the prevalence date was added to the number of prevalent cases counted directly.
Cases known from death certificate only or discovered at autopsy, for which the date of diagnosis was unknown, were not considered in the present prevalence calculations. Such cases are a potential source of prevalence underestimation, which in most cases is likely to be small. This problem is discussed by Capocaccia et al. [9] .
Definitions of prevalence differ in relation to how multiple primary cancers are considered. We present data on person prevalence. With person prevalence, only the first primary malignant cancer diagnosed in each person is considered; it is a measure of the number of people with a diagnosis of cancer. The tumour prevalence considers all the primary malignancies diagnosed and present in a population; it is a count of the number of tumours irrespective of whether they are the first or subsequent cancers diagnosed in a given individual.
As noted, prevalence calculated from the data of CRs operating for a short period is necessarily an underestimate. This was the case for all CRs considered in the present study and the partial prevalence data they provided had to be corrected by applying a completeness index, R, that depends on the length of registration (L), age class, and other factors affecting incidence and survival such as cancer site and sex.
The method we used to calculate R [10] has been extensively validated on data from the Connecticut Tumor Registry, which has been operating since 1935 [11] . R was defined as follows: m) , where N O (m) and N T (m) are model-based estimates of observed and total prevalence, respectively. These estimates were derived from mathematical expressions relating prevalence to incidence and survival. The prevalence measured by a registry, N O , was divided by the R obtained as above, to furnish an estimate of the total prevalence, N T = N O /R. Overall incidence and survival data for the three countries were used to estimate a single set of parameters from which Rs were calculated. However, because R is highly sensitive to relative survival, a death ratio, specific for each registry, was used to increase the precision of estimates of R. Table 3 shows calculated Rs by cancer site and registry, and for men and women, all ages combined, together with the time in years that each CR has been operating. R values may be between 1, when all prevalent cases are observed (i.e. the CR has been operating for a very long time) and theoretically 0, when no prevalent cases are observed by the CR. R values also vary within a registry according to the type of cancer. They are higher for cancers that mainly affect the elderly, and lower for cancers characterised by long survival. As is evident from Table 3 , the observation periods (L) for the CRs considered in this study were all relatively short (from 5 to 15 years) so the corresponding Rs were in general considerably much lower than 1 and around 0.5 for CRs operating only for 5 years, the latter figure implying that only half of the prevalent cases had been registered by the CR and that the remainder had to be estimated by modelling. For the Varese CR with the longest observation period in southern Europe (15 years) the completeness of prevalence estimates ranged from 72% for ; haematological for leukaemia and lymphomas (1980-92); and gynaecological (ICD9 174, 180 and 182) (1982-92) . Data for this area were obtained from these three registries. corpus uteri cancer to 97% for prostate cancer. For the Mallorca CR with one of the shortest observation periods (5 years) the completeness of estimates ranged from 32% for corpus uteri to 66% for prostate cancer.
Validation of Rs
We considered CRs operating for at least 15 years (Calvados, Parma and Varese). For these registries the observed 15-year prevalence (cases diagnosed 1978-1992) and the observed 5-year prevalence (cases diagnosed 1988-1992) were determined. The empirical ratios of 5-year to 15-year prevalence were then compared with the corresponding theoretical values obtained by modelling. Figure 1 shows the empirical and calculated 5-year/15-year indices according to sex, as a function of age for selected cancer sites only. The calculated values were generally very close to observed ones and it is therefore reasonable to conclude that the use of R provides reliable 15-year prevalence estimates for CRs with observation periods as short as 5 years. However, for cancers in patients under 40 years of age, for which the observed ratios were unstable due to the small number of cases, the discrepancy between empirical and calculated ratios was considerable, particularly for leukaemia and cancer of the colon. The match between theoretical and empirical completeness ratios was also good for those cancer sites not illustrated in Figure 1 .
Results
Registry-specific prevalence data were grouped by country. The resulting figures (per 100 000 of the population) are shown by sex and age class in Table 4 . The prevalence of all cancers was highest in Italy for women and in France for men. Prevalence was lowest in the populations covered by the Spanish registries, and was particularly low for women in the oldest age class.
Although the incidence of all cancers combined was higher in men than in women [12] , prevalence was higher for women due to the fact that survival is generally better in women [1] . Note, however, that in the oldest segment of the population, prevalence was greater in men than in women. For all ages combined, breast cancer was the leading cancer among women, with the highest prevalence in Italy (1070 per 100 000 women). The leading malignancy in men was prostate cancer with the highest prevalence in France. The prevalence proportions of colon and rectal cancer were highest in Italy and lowest in Spain, for both men and women. The prevalence of male lung cancer was quite high in all three countries (187, 165 and 135 per 100 000 in Italy, France and Spain, respectively), and the most important cause of intercountry variation in prevalence for this cancer was incidence, since survival is poor. Table 5 shows prevalence according to time since diagnosis. For all cancers combined, the 1-year prevalence (persons diagnosed in the year up to the index date) represented 17% of the male total and 10% of the female total, with no major variation between the three countries. The 1-year prevalence as a percentage of the total was highest for lung cancer (26-33%), which has a poor prognosis, and low for uterine cancer and Hodgkin's disease (<10%). The 1-to 5-year prevalence formed one-quarter to one-third of the total prevalence in the three countries, with slightly higher levels for breast, colon and rectal cancers in females, and levels well above one-third for melanoma and prostate cancer in males; values tended to be slightly lower for cancers of the uterus. For all cancers combined the 5-to 10-year prevalence constituted 18.3-23.5% of the total prevalence in both sexes. Again for all cancers combined, the >10-year prevalence was 25% in men and 40% in women; however, the proportion of long-term survivors varied markedly with cancer site. In spite of the declining incidence trend in recent decades, the long-term prevalence of stomach cancer was also relatively high due in part to higher incidence in the past.
Cancer prevalence by cancer site in the 65+ and 45-64 years of age classes is shown in Table 6 for both sexes combined. People aged 65 years or more accounted for nearly 58% of the total prevalence in Italy, 55% in France and 54% in Spain. The proportion was much higher for cancers of the digestive tract, corpus uteri and prostate. More than 90% of prevalence cases of prostate cancer were in the over 65 years of age class in all three countries.
Discussion
The assumptions and methodologies for calculating prevalence in the CR populations in the three subject countries of this study were the same as those used for the other European populations involved in EUROPREVAL [9] . However, since southern European CRs have shorter observation periods than most CRs in Europe, and cover only small proportions of the populations of the countries in which they operate, the reliability of our estimates must be assessed critically. Comparison of empirical with theoretical partial R ratios (Figure 1 ) indicated that R values were, in general, consistent and that they do not constitute a major source of error for our prevalence estimates, even for CRs operating only for 5 years.
With regard to the problem of extent of coverage, comparisons with previously published prevalence data may help to place the present estimates in context. The ITAPREVAL study [3] reported cancer prevalence in 1992 in 10 Italian CR areas. The present results are based on nine Italian CRs, with the Veneto CR left out. The Veneto CR covers a large area in north-eastern Italy. Overall prevalence estimates calculated with and without Veneto CR data were satisfactorily similar for all cancers combined, and for breast cancer, colon cancer, rectal cancer and leukaemia. The prevalences of these cancers in Veneto were similar to those in other Italian registry areas. For cancers of the stomach and lung the prevalence estimated in this study was ∼20% higher than in the ITAPREVAL study, which is directly attributable to the absence of data for Veneto, an area with lower prevalence for these cancers. For melanoma and cancer of the corpus uteri, prevalence was rather high in the Veneto CR, and thus the overall prevalence for the Italian CRs found in this study was about 20% lower than the overall figure provided by ITAPREVAL. As noted, for cervical cancer and Hodgkin's disease the Rs were inaccurate and were not used for these cancers instead of total prevalence estimates, and the 15-year prevalence, which proved to be more stable, is given Table 4 .
With regard to France, meaningful comparison of our results with published national estimates obtained by modelling [7, 8] is impossible since, in the modelled estimates, patients over 79 years of age were ignored, and the youngest age considered varied: 0 years for haematopoietic cancers in children, 20 years for most cancer sites, and 40 years for prostate cancer. No cancer prevalence estimates are available for Spain. We expect that inaccuracies in overall prevalence estimates for France and Spain will be similar to or greater than that for Italy, since coverage in those countries is lower.
The prevalence of all cancers combined was highest in Italy for women and in France for men, and lowest in Spain for both sexes. The main determinants of cancer prevalence are incidence and survival rates, and population structure; however, survival did not vary greatly between the three countries. The main factor determining prevalence differences between France and Italy was the difference in age structure of the two populations (Table 4) ; cancer incidence rates for these two countries were similar and survival was only slightly higher in France. When the prevalence for all cancers combined was adjusted to the age structure of the world population [2] , it emerged that France had the highest prevalence. The main determinant of lower overall cancer prevalence in Spain was lower incidence rates [2] .
For most cancer sites, crude (non-age-adjusted) prevalence was highest in Italy due to the fact that the population was older in Italy compared with the other two countries. By contrast, crude prevalence in Spain was generally the lowest because of the lower cancer incidence in that country [2] . For breast cancer the crude prevalence was higher in Italy than France and Spain, while after age standardisation France had the highest prevalence. This pattern occurred because breast cancer incidence was slightly higher in France and the population older in Italy.
The only cancer site for which age-standardised prevalence was lower in Italy was cervical cancer, due to the particularly low incidence in that country [2] . France had both the highest crude and age-adjusted prevalence of this cancer. Considering cervical cancer by age class, the prevalence was higher in Spain than in Italy in women up to 64 years of age, but much lower among Spanish women of 65 years of age and above. However, the age-standardised prevalence of this cancer was higher in Spain than in Italy. Cohort effects can explain the prevalence pattern of cervical cancer in Spain. Older Spanish women are monogamous and not promiscuous, and are thus characterised by low rates of cervical cancer, accounting for the low prevalence among them. Young cohorts have higher rates of cervical cancer, even though screening is in place.
While total prevalence refers to all living persons with a diagnosis of cancer, whose specific health needs vary markedly, prevalence according to time elapsed between diagnosis and reference date results in subgroups that are much more homogeneous with regard to their requirement for health resources. The distribution of prevalence by time since diagnosis (Table 5) varied markedly with cancer site, while between-country variation was small. The 1-year prevalence was highest for lung cancer, consistent with the fact that most people with this disease die within a year of diagnosis. For all cancers combined, about 17% of the total male prevalence and 10% of the total female prevalence consisted of people diagnosed within 1 year of the index date. This subgroup consisted mainly of patients undergoing primary treatment for their disease.
The 1-to 5-year prevalence formed one-quarter to one-third of the total prevalence in the three countries. Prevalent cases diagnosed 1-5 years before the index date consist of both cured cases and those in whom the disease is progressing. They are likely to be receiving either intensive follow-up to identify recurrences and sequelae, or palliative treatments for incurable disease. The 5-to 10-year prevalence formed 18.3-23.5% of the total prevalence for all cancers in both sexes. Some of these patients can be considered cured and in general they make modest demands on health service resources in relation to their cancer diagnosis. The final category of cases, those diagnosed >10 years before the index date, make the lowest demands on the health system for their cancer diagnosis. Some may, however, suffer disabilities and impairments arising from their treatment and may still make more demands on health resources than the age-matched general population. This long-term or 'cured' prevalence is an important indicator of the success of cancer treatment; it constituted approximately one-quarter of the total prevalence in men and 40% of the total in women. The proportion of long-term survivors, however, varied markedly with cancer site, being highest in cancers of the uterus and lowest for prostate cancer. In spite of the declining incidence trend in recent decades, long-term prevalence of stomach cancer was also reasonably high due to higher incidence in the past. Age is known to have a major influence on disease stage at diagnosis, the accuracy of diagnosis and the effectiveness of treatment, and hence the prognosis. Cancer prevalence among the elderly is also increasing due to population ageing, particularly for France, Spain and Italy. In addition, elderly cancer patients more frequently have co-morbidities and disabilities, so they make increased demands on health service resources. For these reasons cancer prevalence among the elderly is an important indicator of the health demand.
Although there were clear differences between France, Spain and Italy in terms of cancer prevalence, these differences were less marked than those characterising Europe as a whole [2] . Thus, for colon cancer prevalence varied from 120 per 100 000 in Spain to 210 per 100000 in Italy, and from 45 (Poland) to 240 (Sweden) for Europe as a whole; for breast cancer the range was 617 (Spain) to 1070 (Italy) for the southern European countries and 380 (Slovakia) to 1210 (Sweden) for Europe. The corresponding ranges for all cancers combined were 1860 (Spain) to 2600 (Italy), and 1170 (Poland) to 3050 (Sweden). Since survival did not differ greatly in the three countries examined in this study, it follows that cancer incidence and population structure were the main factors responsible for variations in cancer prevalence. By contrast, survival differences play an important role in determining differences in cancer prevalence throughout Europe as a whole. Thus the prominence of the 10-year-and-over prevalence in the southern European populations analysed in this paper is an indication of a successful struggle against cancer.
If increased prevalence is mainly due to rising incidence, it is a sign that we are losing the battle against cancer; if it is due to improved survival and a decline in mortality for competing causes, the message is definitely positive. What is always clear, however, is that increasing prevalence indicates increasing demand for health care, and the requirement that more resources be devoted to that care. As life expectancy increases in these countries, the prevalence of cancer is also expected to increase, and is likely to become a major economic burden. The only way to directly combat increasing prevalence is to prevent cancer. This implies that the campaign against smoking should be redoubled, that information on healthy eating should be actively promulgated and that research on the relationship between cancer and dietary and other environmental factors should be stepped up. Screening programmes a Percentages refer to 15-year prevalence. for breast and cervical cancer should be extended as these have helped reduce mortality in the former and reduce the incidence of the latter. Although in Italy and Spain the healthy 'Mediterranean diet' (rich in fruit and vegetables, and apparently protective against cancer) is still widespread, and also characterises much of the southern part of France, the high prevalence of colorectal cancer in Italy and France indicates that even in these countries, diet needs to be considered as a means of reducing cancer incidence. 
